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RELIABILITY BASED DESIGN CRITERIA FOR TEMPORARY 
COLD-FORMED STEEL BUILDINGS* 
Lawrence I. Knab, 1 A. M. ASCE and Niels C. Lind, 2 A. M. ASCE 
INTRODUCTION 
Temporary structures with 2-5 year design lives can involve the materials of 
timber, glue laminated timber, hot rolled steel shapes, and cold-formed steel. 
By exploiting the short design life of the buildings, structural design criteria 
commensurate with the temporary nature can be obtained resulting in a reduction 
in materials, fabrication, transportation, handling and storage costs while at 
the same time maintaining the required structural performance and safety. 
This paper presents a rational method for developing design criteria for 
temporary building members, cladding, and panels made by cold-forming carbon 
or low alloy steel sheet or strip. 
FRAMEWORK AND PROBABILISTIC ASSUMPTIONS 
Studies of existing traditional structural codes have shown that the con-
ventional safety factor approach is not entirely rational and can lead to incon-
sistencies in the reliability of the design criteria. With the acceptance of 
reliability based design principles, a more rational approach to design criteria 
development is possible. A rational development should explicitly account for 
the many underlying uncertainties present in the structural resistance and loading 
functions. The framework adopted for use in this study is the second moment reli-
*The views of the authors do not purport to reflect the position of the Department 
of the Army or the Department of Defense. 
1Materials Res. Engr., Corps of Engineers, Construction Eng. Res. Lab. (CERL), 
Champaign, Illinois. 
2Prof., Dept. of Civ. Engr., Univ. of Waterloo, Waterloo, Ontario, Canada 
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ability analysis. The theory considers both the mean and variability of the resis-
tance and loading random variables. 
The resistance Rand load effect Q (moment, shear, etc.) are random variables 
assumed to be statistically independent and to follow a log-normal distribution.* 
The limit state is when R 2 Q, or equivalently when £nR 2 £nQ. The correspond-
ing approximate limit state probability is (l ,2): 
J (l) 
where** 4>(X) Cumulative probability distribution of the standard normal dis-
tribution evaluated at X 
Rm mean resistance 
om mean load effect 
VR coefficient of variation (COV) of resistance 
v0 COV of the load effect 
The safety index S, defined by 
s J (2) 
is the value of the standard normal variate at a cumulative probability of 
( l - pf). As shown in Figure l , S can be interpreted as the number of s ta nda rd 
deviations between the mean of £n(R/Q) and the point at which the limit state 
*Limit state probabilities which are relatively large (> 0.001) are not sensi-
tive to the assumed distribution type (2). -
**Appendix II contains a list of all symbols used and their definitions. 
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is reached. 






overall conventional design factor of safety 
on nominal load effect 
( 3) 
The member resistance R, for purposes of estimating the total variability, 
can be expressed as: 
R R MFP 
n 
(4) 
where M, F, and P account for the uncertainties in material strength, fabrica-
tion (tolerances, geometry, etc.) and strength analysis (using approximate 
instead of exact formulas etc.) respectively. The COV of R is: 
( 5) 
The load effect Q for the dead plus live (D + L), dead plus wind (D + W), 
and dead plus live plus wind (D + L + W) load cases are assumed to be of the 
form: 
Q E(D + L) (6) 
Q E(D + W) (7) 
Q E(D + L + W) (8) 
where E accounts for the uncertainties in structural analysis and D, L, and W 
are the dead, live, and wind load effects respectively. 
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Using the first order theory, the COV of Q for the 0 + L load case is: 
0 
VQ 
V02 (Lm)2 + VL2 
m 
0 (~ L + l )2 
m 
where VO cov of dead load effect 
VL cov of live load effect 
VE cov of E 
om, L mean dead and live load effects respectively m 
Similarly, for the 0 + W load case v0 becomes: 
v 2 ( 
0
m) 2 + V 2 0 ~~ w 
m 
+ 
and for the 0 + L + W load case v0 is: 
0 w 
v02 (~)2 + VL2 + v 2 (~)2 L w Lm 
VQ m 
0 w 
(~ m + 1)2 +L Lm 
where Vw COV of wind load effect 
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The value of On/Om in Eq (3) can be found for the three load cases to be: 
(Dm/Lm) + (Ln/Lm) 
0/0m 
( 12) D + L: 
(Dm/Lm) + 
D + W: 
(Dm/Wm) + (Wn/Wm) 
On/Om 
(Dm/Wm) + 1 ( 13) 
(Dm/Lm) + (Ln/Lm) + (Wn/Lm) 
0/0m (Dm/Lm) + l + (Wm/Lm) 
D + L + W: ( 14) 
nominal live and wind load effects respectively. 
The probabilistic assumptions are shown in Table l. They are based upon 
the most recent and most comprehensive set of data available (1,3). 
FORMAT 
Both the load and resistance factor design (LRFD) and the working stress 
design (WSD) criteria are possible. The WSD format was chosen, however, because 
the existing AISI (4) code can be modified in those areas which result in de-
creased cost and/or improved performance. The remaining criteria can remain 
unchanged. In contrast, a LRFD format requires assignment of resistance fac-
tors to all resistances. 
METHOD FOR DETERMINING ALLOWABLE STRESSES FOR TEMPORARY BUILDINGS 
Using the procedure described under "FRAMEWORK AND PROBABILISTIC ASSUMP-
TIONS", S values are computed for permanent building allowable stresses. Beta 
values are then computed for temporary buildings, using a FS value shown in Table 
2 based upon an increase in the permanent allowable stress. This increase in perma-
nent stress is represented by the factor Y (Table 2). For a given load case and 
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resistance, the permanent allowable stresses are increased until the permanent 
and temporary S values agree within acceptable limits. The difference between 
the permanent and temporary S values, called BETADIF, is graphed, and hence 
more easily interpreted. To expedite the graphing, a digital computer-plotter 
combination was used. Thus the temporary design criteria can be developed on 
a rational basis, based upon the relative relationship between the permanent 
and temporary criteria reliability levels as well as the magnitude of the S values. 
EXAMPLES 
Dead Plus Live Load Case 
Beams - Flexure 
Beta values for the permanent [AISI (4)] and temporary allowable flexure 
stresses are shown in Figure 2 as a function of the Om/Lm load effect ratio. 
In Figure 2, Y = 1.00 corresponds to the permanent stress andY= l .05 to 1.35 
corresponds to the temporary stresses. The relatively small S values for the 
low Om/Lm ratios reflect the perhaps conservative use of L/Lm of 1.00 and 1.11 
for permanent and temporary buildings respectively. An increase in Ln/Lm would 
increase the S values, particularly for lower Om/Lm values. 
In Figure 3 is shown BETAOIF, the difference between the permanent and 
temporary S values for a given Om/Lm ratio. Positive BETAOIF values indicate 
that the permanent S value exceeds the temporary S value. The set of curves in 
Figure 3 permits a choice of a temporary building allowable stress based upon 
the relative difference between the permanent and temporary S values. For exam-
ple, for a 15% increase (Y = l. 15) in the permanent stress, the BETAOIF values 
range from 0.30 to 0.40 over the common 0 /L range of 0.10 tn n.50. For larqe 
m m 
0 /L values BETAOIF is close to 0.70. This relatively large BETADIF value of 
m m 
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0.70, however, is compensated by the fact that the permanent B values at large 
Dm/Lm ratios are considerably larger (~ 2.40) than the B values at small Dm/Lm 
values (1.70- 1.90). It is evident that theY values chosen should be based 
upon both the BETADIF values and the magnitude of the B values. 
Columns 
The permanent (Y = 1.0) and temporary (Y = 1.0 to l .30) B values for col-
umns are shown in Figure 4. The corresponding values of BETADIF are shown in 
Figure 5. When comparing Figures 4 and 5 with Figures 2 and 3, it is evident 
that column and beam trends are similar. 
Dead Plus Wind Load Case 
Beams-Flexure 
Figure 6 shows the B values for the permanent (Y = l .33) and temporary 
(Y 1.38 to 1.53) flexure stresses as a function of the Dm/Wm load effect ratio. 
As evident from the BETADIF set of curves in Figure 7, BETADIF values are nega-
tive (temporary S values exceed permanent) for Y values less than 1.50, provided 
the Dm/Wm ratio is less than about 3.0. 
For large Dm/Wm ratios the section required by the D + L load case may be 
larger than the section required by the D + W load case. Hence, the D + L case 
would control over the D + W case. For example, suppose a 15% increase in the 
permanent allowable stress is permitted for the D + L load case for flexure and 
a 45% increase is allowed for the D + W case. The ratio, then, of the required 
section moduli for the two cases is: 
+ ( 15) 
where SX 
D + L 
section modulus required for D + L load case 
s 
Xo + w 
section modulus required for D + W load case 
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For the D + W load case, however, Ln 
fore Eq (15) becomes: 
0 and W/Wm is 1.81 (Table 1). There-
( 16) 
In order to find the D /W values for which Sx 
m m D + L 
> SX , Eq (16) is set 
D + W 
equal to unity, resulting in a Dm/Wm value of 6.95. Therefore for Dm/Wm ~ 6.95, 
the D + L case (Y = 1.15) controls over the D + W case (Y = 1.45). 
In a similar manner the Dm/Wm values for the permanent criteria for which 
the D + L case (Y = 1.0) controls over the D + W case (Y = 1.33) are found to 
be: Dm/Wm ~ 3.82. The permanent B values corresponding to Dm/Wm ratios of 6.95 
and 3.82 are 2.14 and 2.22 respectively. 
Use of the B value of 2.22 rather than 2.14 is preferred for the D + W 
case. The reason for the preference is that the B value of 2.22 is based upon 
a Dm/Wm ratio of 6.95 which, for the permanent criteria, results in the D + L 
case controlling. From Figure 7, the maximum BETADIF value for Dm/Wm < 6.95 
andY= 1.45 is 0.12. 
The 0.12 figure is based upon a permanent B of 2.14 and should be increased 
by 0.08 to reflect the use of the preferred s value of 2.22. Hence, the maximum 
adjusted BETADIF value is 0.20. The 0.20 value corresponds to large Dm/Wm ratios 
near 7.0, with corresponding temporary B values near 2.0. As evident from Fig-
ure 7, considerably smaller BETADIF values occur for lower Dm/Wm ratios. Hence, 
the temporary allowable stress (Y = 1.45) results in reliability levels comparable 
to, or, for large Dm/Wm ratios, about 10% above, the permanent stress (Y = 1.33) 
for the D + W case. As in the D + L load case, the Y value chosen should be based 
upon both the BETADIF values and the magnitude of the S values. 
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Columns 
A set of curves for S and BETAOIF for columns are shown in Figures 8 and 
9 respectively. Similar trends can be observed for columns and beams. For 
example, a maximum adjusted BETAOIF value of 0.09 results for Y = 1.10 for the 
0 + L case andY= 1.45 for the 0 + W case. 
It should be noted that the 0 + W case results are based upon the use of 
a 25 year mean recurrence velocity as a nominal design velocity and a mean ve-
locity based upon a 5 year lifetime. If return periods other than 25 years were 
used, different values of Wn/Wm' s, and BETAOIF would result. 
Dead Plus Live Plus Wind Load Case 
Beams - Flexure 
Beta values for flexure as a function of Om/Lm and Wm/Lm ratios for perma-
nent allowable stresses (Y = 1.33) are shown in Figure 10. Since the ratio 
Ln/Lm of the nominal live floor load to the mean maximum sustained* live floor 
load varies, two values of Ln/Lm were used. Two families of S curves, corre-
sponding to Ln/Lm values of 1.25 and 5.00 are shown in Figure 10. As expected 
and is evident in Figure 10, an increase in the Ln/Lm ratio caused increasing 
S values, except for very large Om/Lm and/or Wm/Lm ratios. 
A BETAOIF set of curves for Y = 1.40 and 1.45 are shown in Figures 11 and 
12 respectively. Positive BETAOIF values indicate that the permanentS exceeds 
the temporary S value. The BETAOIF values of Figures 11 and 12 for a Ln/Lm 
value of 5.0, except for large Om/Lm ratios, exceed the BETAOIF values for 
Ln/Lm = 1.25. The larger BETAOIF values for Ln/Lm = 5.0, however, are off-
set by the fact that the~ values for Ln/Lm = 5.0 are considerably higher for 
*Sustained live load is that portion of the total live floor load which remains 
relatively constant over long periods of time. 
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most of the Dm/Lm and Wm/Lm combinations (except very high Dm/Lm and/or Wm/Lm 
values). 
For low Wm/Lm ratios and/or high Dm/Lm ratios, the D + L load case may 
control over the D + L + W case. For example, suppose for flexure a 15% in-
crease in the permanent allowable stress is allowed for the D + L case and a 
40% increase is allowed for the D + L + W case. Forming the ratio of there-
quired section moduli for the D +Land D + L + W cases, setting the ratio 
equal to unity, and solving for~~ /L results in: 
m m 
(17) 
A value of 1.81 was used for Wn/Wm in Eq (17), since the equation is for tempor-
ary criteria. 
Shown in Table 3 are load ratio values for which the D + L case (Y = 1.15) 
controls over the D + L + W case (Y = 1.40). The values are based upo~ Eq (17), 
using a Ln/Lm value of 1.25. In Table 3, load ratio combinations greater than 
the Dm/Lm and less than the Wm/Lm values shown, result in the D + L case requiring 
a larger section than the D + L + W case. Permanent S (Figure 10) and maximum 
8ETADIF (Figure ll) values corresponding to load ratios satisfying Eq (17) are 
shown in Table 3. The 8ETADIF values of Table 3 (Eq 17) are maximum because 
the 8ETADIF curves (Fig. ll, Ln/Lm = l .25) are monotonically decreasing. 
In a similar manner, the combinations of Dm/Lm and Wm/Lm for permanent 
criteria in which the D + L case (Y = l .0) controls over the D + L + W case 
(Y = 1.33) are given by: 
Wm/Lm 0.262 (Dm/Lm + Ln/Lm) (18) 
A value of W/Wm 1.27 was used to arrive at Eq (18). Load ratios and perma-
nent S values corresponding to Eq (18) and a Ln/Lm value of l .25 are given in 
Table 3. 
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As seen in Table 3, for a given D /L ratio, W /L values based upon perma-
m m m m 
nent criteria [Eq (18)] are larger than those for the temporary criteria [Eq (17)]. 
That is, the load ratios based upon temporary criteria result in the D + L case 
controlling over the D + L + W case for permanent criteria. Hence, for the cal-
culations of permanent B values for the D + L + W case, it appears reasonable to 
use the permanent criteria load ratios of Eq (18). If this is done, slightly 
larger permanent B values are obtained based upon Eq (18) as compared with Eq (17). 
To account for the larger permanent B values, the maximum adjusted BETADIF 
value given in Table 3 is computed as follows. The maximum BETADIF value based 
upon Eq (17) is increased by the amount that the permanent B values of Eq (18) 
exceed those of Eq (17). The maximum adjusted BETADIF values, then, represent 
reasonable estimates of the maximum B deviation between the permanent and tern-
porary criteria for the temporary case under study (Y = 1.15, D + L; Y = 1.40, 
D + L + W). As shown in Table 3, the maximum adjusted BETADIF ranges from +0.12 
to +0.13 for the common Dm/Lm range of 0.2 to 0.6. If other BETADIF values are 
desired, Y could be changed and the corresponding maximum adjusted BETADIF values 
computed. 
As in the D +Land D + W load cases, theY value chosen should be based upon 
the BETADIF values as well as the magnitude of the B values. The corresponding 
temporary B values are shown in Table 3. They are found by subtracting the maxi-
mum BETADIF values (Figure ll) from the permanent B values [Eq (17), Figure 10]. 
If desired, the minimum temporary and permanent B values for which the D + L + W 
load case controls can be determined using a computer program. 
Column beta curves, similar to beams, for permanent allowable stresses are 
shown in Figure 13. BETADIF curves for columns for Y = l .40 are shown in Figure 
14. In a manner similar to that used for beams, load ratios can be found such 
904 THIRD SPECIALTY CONFERENCE 
that the 0 + L case controls over the 0 + L + W case for the temporary and per-
manent criteria. As an example, Table 4 shows information similar to that of 
Table 3 including the combinations for which the 0 + L load case controls over 
the D + L + W case for Ln/Lm = 1.25, Y = 1.10 for the D + L case, andY= 1.40 
for the 0 + L + W case. The equation for the temporary criteria, similar to 
Eq ( 17) , is: 
(19) 
The equation for the permanent criteria is given by Eq (18). As seen in Table 4, 
the maximum adjusted BETADIF value is +0.04 for the common Dm/Lm range of 0.2 to 
0. 6. 
As previously noted in the 0 + W case, the results for the 0 + L + W case 
are dependent upon the mean recurrence interval used for nominal wind loads. 
SUMMARY AND CONCLUSIONS 
l. A rational, reliability based technique is presented for determining 
allowable stresses for temporary (2- 5 year) cold-formed steel buildings. The 
method involves comparing differences in reliability levels between permanent 
and temporary building design criteria. Examples are given for three different 
load cases for beams and columns. 
2. It is shown that allowable stresses can be chosen which exploit the 
temporary nature of the buildings and, at the same time, maintain comparable 
permanent building reliability levels. 
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probability of reaching a given limit state 
permanent S minus temporary B 
coefficient of variation 
dead load effect 
dead plus live load case 
dead plus wind load case 
dead plus live plus wind load case 
mean dead load effect 
random variable which accounts for structural analysis 
random variable which accounts for fabrication 
overall conventional design factor of safety (= Rn/On) 
live load effect 
mean live load effect 
nominal live load effect 
50 and 5 year live load effects respectively 
random variable which accounts for material strength 
random variable which accounts for short term material 
random variable which accounts for strength analysis 
load effect such as moment, shear, axial force, etc. 
mean load effect 
nominal load effect 
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mean resistance 
nominal resistance 
section modulus required for D + L load case 
section modulus required for D + W load case 
coefficient of variation for dead load effect 
coefficient of variation of E 
coefficient of variation of F 
coefficient of variation of live load effect 
coefficient of variation of M 
coefficient of variation of P 
coefficient of variation of load effect 
coefficient of variation of resistance 
wind load effect 
mean wind load effect 
nominal wind load effect 
50 and 5 year wind load effects respectively 
increase in permanent (D + L load case) allowable stress 
safety index [defined by Eq (2)] 
cumulative probability distribution of the standard normal 
distribution evaluated at X 
standard deviation of £n(R/Q) 
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TABLE 1 
PROBABILISTIC ASSUMPTIO~S 
Nominal c.o.v. c.o.v. 
Random Variable Meail (beams) (col's) 
Structural Anal. E 1.00 0.10 0.20 
Dead Load D 1. 00 0.08 0.08 
Totalt Live Floor Load, 
D + L Case 
50 Year Max. Total 
Floor Load L5o 1. 00 0.30 ll.30 
5 Year Max. Total 
Floor Load L5 1.11 0.36 0.36 
Sustainedt Live Floor 
Load, 0 + L + W Case 
50 Year Max. Sustained 
Floor Load L5o 1.25, 5.00'" 0.54 0.54 
5 Year Max. Sustained 
Floor Load L5 1.25, 5.00'" 0.54 0.54 
Wind Load, 0 + L + w 
· and D + W Case 
50 Year Wind Load w5o 1 .27tt 0.27 0.27 
5 Year Wind Load· w5 1 .81ttt 0.35 0.35 
Strength M 0.95** 0. 09** 0. 03*** 
0.98*** 
Short Tenn 
Yield Str. Mi 0.90 0..09 -
Fabrication F 1.00 0.10 0.15 
Strength 
Analysis p 0.95 0.06 0.08 
*The ratio of the nominal total live floor load to the mean sustained live floor 
load is estimated to range between 1.25 and 5.00. 
** Yield Strength 
***Y~ung's modulus 
tlhe total live load includes the sustained portion which remains fairly constant 
over long periods of time and the transient part which occurs over a relatively 
short duration. 
ttNominal wind load is based on 50 yr. mean recurrence velocity and the mean wind 
load is based on a 50 yr. lifetime. 
tttNominal wind load is based on 25 yr. mean recurrence velocity and the mean •tind 
load is based upon a 5 yr. lifetime. 
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TABLE 2 
Resistance FS 
Type Load Case ~/Rn VR Permanent Temporary 
Flexure D + L 1.10 0.1473 1. 67 1. 67 I Y ; (Y> 1. 0) 
Flexure D + w, D + L + W 1.17 0.1473 1. 25 1 .67/Y ; (Y::_l.333) 
Co 1 umns D + L 1. 07 0.1726 1. 92 1. 92/Y ; (Y::_l. 0) 
Columns D + W, D + L + W 1. 07 0.1726 1.44 1. 92/Y ; (Y~l.333) 
·---·-·-------------
TABLE 3 
INFORMATION USED FOR ANALYSIS OF D + L + W LOAD CASE FOR FLEXURE 
Based Upon Eq. (17) Based upon Eq. (18) 
D wm Pennanent Maximum wm Permanent Maximum m Beta BET AD IF Beta Adjusted 
Lm Lm (Figure 10) (Figure 11) Lm (Figure 1 0) BETADIF 
0.0 0.15 l. 46 -0.01 0.33 l. 58 +0.1 0 
0.2 0.17 l. 54 -0.01 0.38 l. 67 +0. 12 
0.4 0.20 l. 62 -0.01 0.43 l. 76 +0. 13 
0.6 0.22 l. 69 -0.01 0.48 l. 83 +0.13 
1,0 0. 27 l. 82 -0.01 0.59 l. 96 +0. 13 
5.0 0. 75 2.18 -0.01 l. 64 2.28 +0.08 































D wm m 
l1o Lm I ~ --- ·; .-l)-
0.19 
I ,.., 0 0.22 I ' ,_ 
I J.4 0.25 I 
I r_·r [j 0.28 
i 
I :') I 0.34 I 
5.0 0.94 
100.0 15.22 
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TABLE 4 
INFORMATION LJSED FOR ANALYSIS OF D + L + W LOAD CASE FOR COLLJMNS 
Based upon Eq. (19) !lased upon Eq. (18) 
Permanent Maxi mum ~~m Permanent 
Beta BET AD IF - Beta 
(Figure 13) (Figure 14) Lm (Figure 13) 
I l. 51 -0.03 0.33 l. 58 I 
I 
l. 57 -0.04 0.38 1.64 
l. 62 -0.04 0.43 l. 70 
l. 66 -0.04 1 0.48 l. 74 
l. 73 I -0.04 
I 0. 59 l. 80 
1 ,g3 
-0.05 1.64 1.88 
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Fig. 11 BETADIF as a Function of Dm/Lm and \olm/Lm for Flexure for the D + L + W Load 
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Fig. 12 BETADIF as a Function of Dm/Lm and Wm/Lm for Flexure for the D + L + W Load 
Case; Y = 1.33 and 1.45 for Permanent and Temporary Criteria Respectively 
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Fig. 14 BETADIF as a Function of Dm/Lm and Wm/Lm for Columns for the D + L + W Load 
Case; Y = 1.33 and 1.40 for Permanent and Temporary Criteria Respectively 
